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7!HS STORAGE AND USE OF RUNOFF WATER FOR AGRICULTURE 
1U M E  SEMI-ARID TROPICS* 
I n  a r i d  a n d  s e m i - a r i d  p a r t s  o f  t h e  w o r l d ,  l o w  a n n u a l  r a i n f a l l ,  
i t s  h i g h  v a r i a b i l i t y  i n  o n s e t  and  d i s t r i b u t i o n ,  a n d  low r e t e n t i o n  
c a p a c i t y  o f  s o m e  o f  t h e  s o i l s  c o n t r i b u t e  g r e a t l y  t o  low 
a g r i o u l t u r a l  p r o d u c t i v i t y .  R a i n f a l l  i n t e n s i t y  i n  t h e a e  r e g i o n s  
o f t e n  e x c e e d s  t h e  i n f i l t r a t i o n  c a p a c i t y  o f  t h q  s o i l s ,  r e s u l t i n g  
i n  e x c e s s i v e  r u n o f f  and  e r o s i o n .  
I n  s o m e  p a r t s  o f  t h e  s e m i - a r i d  t r o p i c s  (SAT) ,  p a r t i c u l a r l y  
s o u t h e r n  I n d i a ,  t h e  e x c e s s  r u n o f f  i s  c o l l e c t e d ,  s t o r e d  i n  s m a l l  
r e s e r v o i r s  o r  " t a n k a " ,  and  u s e d  t o  grow r i c e .  I n  some i n s t a n c e s ,  
t h e  w a t e r  s t o r e d  i n  t h e  t a n k  i s  u s e d  t o  s u p p l e m e n t  r a i n f a l l  
d u r i n g  p r o l o n g e d  d r o u g h t  i m  t h e  c r o p p i n g  s e a s o n  t o  g r o w  u p l a n d  
c r o p e .  Thus ,  t h e  r i s k  i n h e r e n t  i n  r a i n f a d  a g r i c u l t u r e  i a  reduced  
a n d  c r o p  y i e l d s  s t a b i l l z e d .  U s u a l l y  t h e  q u a n t i t y  o f  w a t e r  
a v a i l a b l e  f r o m  t h e s e  t a n k s  f o r  i r r i g a t i o n  is  l i m i t e d  b e c a u s e  of 
h i g h  s e e p a g e  a n d  e v a p o r a t i o n .  T h e r e f o r e ,  i t  i s  v e r y  i m p o r t a n t  t o  
m a x i m i z e  b e n e f i t s  a c c r u i n g  f r o m  t h i s  l i m i t e d  i r r i g a t i o n  w a t e r  by 
i n c r e a s i n a  t h e  w a t e r - u s e  e f f i c i e n c y  t h r o u g h  t i m e l y  i r r i g a t i o n  and 
e f f i c i e n t  s o i l  and  w a t e r  management p r a c t i c e . .  
s t u d i e s  c o n d u c t e d ' m t  I C R I S A T  h a v e  s h o w n  c l e a r l y  t h a t  c r o p  
y i e l d s ,  p a r t i c u l a r l y  on A l t i s o l a ,  c a n  be  i n c r e a s e d  t h r o u g h  t i m e l y  
s u p p l e m e n t a l  i r r i g a t i o n  when  t h e r e  i s  d r o u g h t  d u r i n g  t h e  r a i n y  
s e a s o n .  F u r t h e r ,  a  management s y s t e m  t h a t  c o n j u n c t i v s l y  u t i l i z e 3  
r a i n f a l l  and  t h e  l i m i t e d  i r r i g a t i o n  w a t e r  f r o m  t h e  t a n k s  n o t  on ly  
i n c r e a s e s  c r o p  y i e l d s  b u t  a l s o  i m p r o v e s  t h e  w a t e r  a p p l i o a t i o n  
e f f i c i e n c y .  
An e c o n o m i c  e v a l u a t i o n ,  u s i n g  s i m u l a t i o n  m o d e l s  a n d  a  s u r v e y  of 
32 t a n k s ,  h a s  i n d i c a t e d  t h a t  s u p p l e m e n t a l  i r r i g a t i o n  i s  a  v i a b l e  
a n d  a t t r a c t i v e  p r o p o s i t i o n  i n  Madhya P r a d e s h  s t a t e  p r o v i d e d  t a n k  
s e e p a g e  i s  low.  
* C o n s e ' r v a t i o n  e t  U t i l i s a t i o n  den  e a u x  d e  r u i a s e l l e m e n t  p o u r  
L ' A g r i c u l t u r e  d a n s  l e a  zonea  t r o p i c a l e s  s e m i - a r i d e n .  
' ~ n t e r n a t i o n a l  Cropa  R e s e a r c h  I n s t i t u t e  For  t h e  Semi-Ar id  
T r o p i c s  (ICRISAT).  P a t a n c h e r u ,  Andhra  P r a d e s h  502 324 ,  I n d i a .  
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I n t r o d u c t i o n  
T h e  common p r o b l e m  o f  l o w  c r o p  y i e l d s  i n  t h e  s e m i - a r i d  t r o p i c s  
(SAT) is  c a u s e d  by low a n n u a l  r a i n f a l l ,  h i g h  v a r i a b i l i t y  i n  o n s e t  
and  d i s t r i b u t i o n  o f  r a i n s ,  and t h e  low w a t e r - r e t e n t i o n  c a p a c i t y  
o f  s o m e  o f  t h e  s o i l s .  I n  t h i s  r e g i o n ,  p r e c i p i t a t i o n  e x c e e d s  
p o t e n t i a l  e v a p o r a t i o n  f o r  o n l y  2 t o  4.5 months  ( d r y  s e m i - a r i d )  o r  
4.5 t o  7 m o n t h s  ( w e t  s e m i - a r i d )  i n  a n y  p a r t i c u l a r  y e a r  ( T r o l l ,  
1 9 6 5 ) .  U s u a l l y  i r r i g a t i o n  i s  i n t r o d u c e d  i n  s u c h  a r e a s  t o  
o v e r c o m e  t h i s  p r o b l e m  i f  s u r f a c e  w a t e r  o r  g r o u n d w a t e r  i s  
a i l a b l e .  
I n  many r e g i o n s  o f  t h e  SAT, s u r f a c e  w a t e r  n e a r  t o  f a r m e d  l a n d  
i s  s c a r c e  a t  t h e  t i m e  when irrigation i s  n e e d e d .  A l s o ,  i n  s o m e  
c a s e s ,  g r o u n d w a t e r  may be  e i t h e r  f o u n d  a t  g r e a t  d e p t h s  o r  
b ' r a c k i s h .  C o n s e q u e n t l y ,  i r r i g a t i o n  f r o m  t h e  u s u a l  s u r f a c e  
w a t e r  s o u r c e s  o r  f r o m  g r o u n d w a t e r  s o u r c e s  i s  n o t  f e a s i b l e .  
D e s p i t e  l o w  a n n u a l  r a i n f a l l ,  r a i n  i n t e n s i t y  o f t e n  e x c e e d s  t h e  
i n f i l t r a t i o n  c a p a c i t y  o f  t h e  s o i l s  i n  t h e s e  r e g i o n s .  T h i s ,  a n d  
t h e  low i n  s i t u  s t o r a g e  c a p a c i t y  o f  t h e  s o i l ,  r e s u l t  i n  much o f  
t h e  r a i n  b e i n g  l o s t  am r u n o f f  a n d  c o n t r i b u t i n g  t o  s o i l  e r o s i o n .  
I n  s u c h  s i t u a t i o n s ,  r u n o f f  c o l l e c t i o n  and s t o r a g e  on  a  r e l a t i v e l y  
s m a l l  s c a l e  i s  t h e  o n l y  p o s s i b l e  s o u r c e  of i r r i g n t i o n  w a t e r .  I t  
c f f e r a  t h e  p o t e n t i a l  t o  i n c r e a s e  a n d  s t a b i l i z e  c r o p  y i e l d s .  We 
make a  d i s t i n c t i o n  h e r e  b e t w e e n  r u n o f f  c o l l e c t i o n  a n d  w a t e r  
h a r v e s t i n g .  T k . l a t t e r  i n v o l v e s  i n d u c e m e n t  o f  r u n o f f  by t r e a t i n g  
I c a t c h m e n t  a r e a  w h i l e  i n  t h e  f o r m e r ,  m a n a g e m a n t  p r a c t i c e s  may 
d e l i b e r a t e l y  t r y  t o  m a x i m i z e  i n  s i t u  i n f i l t r a t i o n  and s t o r a g e .  
Some p a r t s  o f  t h e  SAT, p a r t i c u l a r l y  s o u t h e r n  I n d i l ,  have  a  l o n g  
h i s t o r y  o f  r u n o f f  c o l l e c t i o n  a n d  s t o r a g e  i n  s m a l l  t a n k a .  T h e  
c a t c h m e n t  a r e a  ( o r  a r e m  c o n t r i b u t i n g  r u n o f f )  i s  l e f t  f o r  i t s  
, r i g i n a l  u s e  and  e x c e s s  r a i n  is  g e n e r a l l y  a l l o w e d  t o  f o l l o w  t h e  
. , a t u r n 1  d r a i n a g e  p a t h  i n t o  a  t a n k  c r e a t e d  by a n  e a r t h e n  o r  
m a a o n a r y  b u n d  o r  dam a c r o s s  a  s u i t a b l e  s e c t i o n  o f  t h e  v a l l e y .  
These r u n o f f  c o l l e c t i o n  s y s t e m s  a r e  b a s i c a l l y  w a t e r  c o n s e r v a t i o n  
structures, a i m e d  a t  r e g u l a t i n g  w a t e r  f l o w  a n d  p r o v i d i n g  w a t e r  
f o r  d r i n k i n g  a n d  a g r i c u l t u r a l  u s e .  T h e  w a t e r  i n  t h e  t a n k s  i s  
used t o  grow r i c e  a n d ,  i n  some i n s t a n c e s ,  t o  s u p p l e m e n t  r a i n f a l l  
d u r i n g  p r o l o n g e d  r a i n l e s s  p e r i o d s  i n  t h e  c r o p p i n g  s e a s o n  t o  grow 
u p l a n d  c r o p s .  S u p p l e m e n t a r y  i r r i g a t l o n s  d u r i n g  p r o l o n g e d  
r r i n l e s s  p e r i o d s  r e d u c e  t h e  r i s k  i n h e r e n t  i n  r a i n f e d  a g r i c u l t u r e  
and h e l p  s t a b i l i z e  c r o p  y i e l d s .  However,  b e c a u s e  o f  e v a p o r a t i o n  
and s o m e t i m e s  h i g h  s e e p a g e  l o s s e s ,  o n l y  l i m i t e d  w a t e r  1s 
a v a i l a b l e  f r o m  t h e s e  t a n k s  f o r  i r r i g a t i o n .  T h e r e f o r e ,  i t  i s  v e r y  
i m p o r t a n t  t o  m a x i m i z e  b e n e f i t s  a c c r u i n g  f r o m  t h i s  l i m i t e d  s u p p l y  
of i r r i g a t i o n  w a t e r .  I n c r e a s i n g  t h e  w a t e r - u s e  e f f i c i e n c y  t h r o u g h  
t i m e l y  i r r i g a t i o n  a n d  e f f i c i e n t  s o i l  a n d  w a t e r  m a n a g e m e n t  i s  
o 8 e n t i a l  i n  r a a l i z i n g  marimum b e n e f i t a .  
In  t h i s  p a p e r ,  we r e v i e w  w o r k  a t  t h e  I n t e r n a t i o n a l  C r o p s  
l o e a r c h  I n s t i t u t e  f o r  t h e  Semi-Ar id  T r o p i c s  (ICRISAT) on  t h e  Use 
or  t h e  w a t e r  a t o r e d  i n  s m a l l  t a n k a  t o  a u p p l a m e n t  r a i n f a l l  d u r i n g  
d r o u g h t  p e r i o d s ,  a  m a n a g e m e n t  s y s t e m  a i m e d  a t  e f f i c i e n t l y  
u t i l i z i n g  t h e  impounded w a t e r  and  t h e  e c o n o m i c  e v a l u a t i o n  o f  t a n k  
ryr tems  u s i n g  b o t h  a i m u l a t i o n  s t u d i e s  and  f i e l d  s u r v e y s .  
k. 6 
c l i m a t e  and S o i l a  o f  the SAT 
I n  mos t  a r e a s  o f  t h e  SAT, abou t  70 t o  90% of  t h e  a n n u a l  r a i n f a l l  
(wh ich  r a n g e s  f rom a b o u t  400 m m  t o  1900 em) i s  r e c e i v e d  from 
Apr i l  t o  October (Krishnan,  1975). The r a i n f a l l  is very va r i ab le  
between and w i t h i n  t h e  y e a r s  i n  v a r i o u s  SA1 r e g i o n s .  f o r  
example  t h e  c o e f f i c i e n t  of v a r i a t i o n  f o r  monthly  r a i n f a l l  a t  
~ y d e r a b i d  ( 1 8 O ~ ,  7 8 ' ~ )  f o r  June  is  57% (mon th ly  mean : 107 mm); 
f o r  J u l y ,  451 (mean = 165 mm); f o r  Augus t ,  52% (mean : 147 mm); 
f o r  September, 59% (mean x 163 mm); and f o r  October,  94% (mean i 
71  m m )  ( K r a n t z ,  1981) .  The r e l a t i v e l y  h igh  v a r i a b i l i t y  i n  
r a l n f a l l  i s  a l a o  ev iden t  from F igu re  1 and Table  1. f u r t h e r ,  a  
l a r g e  p o r t i o n  o f  t h e  t o t a l  r a i n f m l l  o f t a n  occur .  i n  f l u  
t o r r e n t i a l  and e r o s i v e  r e i n s .  A s  a  r e s u l t ,  t h e  semi-ar id  regions 
g e n e r a l l y  have a h i g h  p o t e n t i a l  f o r  w a t e r  e r o ~ i o n ,  e s p e c i a l l y  
when t h e  s o i l s  a r e  bare. 
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T e m p e r a t u r e s  a r e  h i g h  and v e r y  o f t e n  exceed  a mean o f  1 8 ' ~  
t h r o u g h o u t  t h e  y e a r .  he mean a n n u a l  s o l a r  r a d i a t i o n  v a r i e s  
between 16 and 21 MJ m-T day' (Landsberg e t  s l ,  1963; Thompson, 
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1965). Compared t o  t h e  r a i n f a l l ,  t h e  c o e f f i c i e n t  of  v a r i a t i o n  
f o r  annual t empera tu re  and s o l a r  r a d i a t i o n  is about 55. 
Seven of  t h e  1 4  s o i l  o r d e r s  d e s c r i b e d  by S w i n d a l e  (1982) from 
t h e  FAO/UNESCO S o i l  Hap of  t h e  World, namely,  F e r r a l s o l s ,  
Luv iso l s ,  Arenosols, Acr i so l s ,  V e r t i s o l s ,  Ni toso l s ,  and F luv iao l s  
Occupy about 905 of t h e  a r a b l e  land a rea  i n  t h i s  region.  Here we 
cons ider  only A l f i s o l s  ( c l a s s i f i e d  a s  Luvisols  i n  t h e  FAO/UNESCO 
Soi l .Map  o f  t h e  World)  and V e r t i s o l s .  A l f i s o l s  c o v e r  321 of 
A f r i c a ,  345 of  L a t i n  America,  and 38% of  Asia. A l f i s o l s  and 
V e r t i s o l s  c o v e r  391 of  t h e  g l o b a l  SAT and 63% of  t h e  Asian SAT (Kampen and  B u r f o r d ,  1 9 8 0 ;  K r a n t z ,  1 9 8 1 ) .  Both  s o i l s  a r e  
represen ted  w i t h i n  t h e  ICRISAT experimental  farm a t  Patancheru. 
The A l f i a o l s  d i scussed  in t h i s  paper a r e  red ,  reddish-brown, or  
ye l lowish  brown. They usua l ly  have a  Loam o r  sandy loam s u r f a c e  
h o r i z o n  o v e r l y i n g  a  h e a v i e r  t e x t u r e d  ( a r g i l l i c )  B h o r i z o n .  They 
a r e  f i n e  k a o l i n i t i c ,  i s o h y p e r t h e r m i c  members of  t h e  f a m i l y  of  
Udic R h o d u s t a l f s  (USDA, 1975).  S l o p e  i s  commonly 1-31. The 
V e r t i s o l s  ( U s t e r t s )  r e f e r r e d  t o  i n  t h i s  p a p e r  a r e  f i n e  
ca lca reous ,  s m e c t i t i c ,  isohyperthermic members of t h e  fami ly  of 
Typic  P e l l u s t e r t s .  They a r e  h igh  i n  a m e c t i t i c  c l a y  (30-601) ,  
develop l a r g e  c racks  upon drying,  and w i t h  we t t ing  and drying t h e  
s u r f a c e  self-mulches.  
Runoff C o l l e c t i o n  and Reuae 
Assuming n e g l i g i b l e  amounts of ( a )  depression s t o r a g e  on t h e  s o i l  
s u r f a c e ,  and ( b )  i n t e r c e p t i o n  o f  r a i n f a l l  b y  p l a n t s ,  s u r f a c e  
r u n o f f  r a t e  ( o v e r l a n d  f l o w )  i s  t h e  d i f f e r e n c e  between t h e  
i n t e n s i t y  of  r a i n f a l l  and t h e  i n f i l t r a t i o n  r a t e  o f  t h e  s o i l .  
Therefore,  t h e  twa major de te rminan ts  of s u r f a c e  runoff r a t e  a r e  
t h e  r a i n f a l l  c h a r a c t e r i s t i c s  and t h e  i n f i l t r a t i o n  behavior of t h e  
s o i l .  We have i n d i c a t e d  t h a t  a  l a r g e  p o r t i o n  of  t h e  t o t 8 1  
r a i n f a l l  i n  t h e  SAT of ten  occurs  i n  t o r r e n t i a l  and e r o s i v e  ra ins .  
The t e r m i n a l  i n f i l t r a t i o n  r a t e s  found f o r  A l f i s o l s  a t  ICRISAT 
r a n g e  from 6-60 mm/hr, b u t  t h e  mean f o r  V e r t i s o l s  was o n l y  0.21 
mm/hr, The high t e r m i n a l  i n f i l t r a t i o n  r a t e  of A l f i s o l s  i s  o f t e n  
reduced dur ing  t h e  i n i t i a l  per iod of t h e  ra iny  season t o  about 3- 
4 mm/hr by s u r f a c e  s e a l i n g  and c r u s t i n g ,  caused b y  t h e  impact of 
r a i n  d r o p s  on b a r e  s o i l  (Menseh Bonsu, u n p u b l i s h e d  d a t a ) .  As a  
consequence ,  r u n o f f  and s o i l  e r o s i o n  a r e  g r e a t l y  i n c r e a s e d .  In  
c o n t r a s t ,  V e r t i s o l s  have g r o w  c r a c k s  a t  t h e  end of t h e  dry 
s e a s o n  and t h e r e  is  very  l i t t l e  r u n o f f  u n t i l  t h e  s o i l  wa te r  
d e f i c i t  i s  recharged. 
I n  SAT I n d i a ,  e x c e s s  r u n o f f  i s  t r a d i t i o n a l l y  c o l l e c t e d  and 
s t o r e d  i n  a m a l l  r e s e r v o i r s ,  which e r e  u s u a l l y  c o n 8 t r u c t e d  8 n d  
m a i n t a i n e d  by I r r i g h t i o n  Depar tments  0 4 0  ha command a r e a )  and 
P a n c h a y a t  Uniona  ( v i l l a g e  councils). The m a j o r  prob1e.e 
e n c o u n t e r e d  i n  t h e  t r a d i t i o n a l  w a t e r  c o l l e c t i o n  and s t o r a g e  i n  
t a n k s  i n c l u d e  s o i l  e r o s i o n ,  l e a d i n g  t o  s i l t a t i o n  of  t a n k s ,  and 
g u l l y  f o r m a t i o n ,  r e a u l t i n g  i n  t a k i n g  l a n d  o u t  of  c u l t i v a t i o n .  
Farmera a r e  r e s p o n a i b l e  f o r  w a t e r  distribution and management 
below t h e  o u t l e t ,  Mort of thesa  r a s e r v o i r a  a r e  ahallow w i t h  t h e  
r e s u l t  t h a t  evapora t ion  l o a s e s  a r e  high. A number of re8ervo l r r  
have been c o n 8 t r u c t a d  a t  ICRISAT Cmntar on bo th  t h e  A l f i r o l  and 
t h e  V e r t i s o l  w a t e r s h e d s .  There  a r e  e x c a v a t e d  t a n k a ,  which 
d i f f e r  markedly from t h e  conventional  r e s e r v o i r  design. Figure 2 
m 
shows  a  d e t a i l e d  s k e t o h  o f  t h e  e x p e r i m e n t a l  r e s e r v o i r .  T h i s  
d e s i g n  h a s  g r e a t e r  d e p t h  and o f f e r s  a  r e l a t i v e l y  s m a l l e r  w a t e r  
s u r f a c e  a r e a  f o r  e v a p o r a t i o n  than t h e  conven t iona l  t anks .  Because 
o f  t h e  g r e a t e r  d e p t h  o f  t h e  r e s e r v o i r s  a t  ICPISAT C e n t e r ,  w a t e r  
i s  n o r m a l l y  pumped t o  i r r i g a t e  t h e  f i e l d s  below.  Seepage  i s  
a l s o  q u i t e  low.  F o r  e x a m p l e ,  t h e  a v e r a g e  s e e p a g e  r s t e  f rom a 
t a n k  l o c a t e d  on a  V e r t i s o l  a t  ICRISAT C e n t e r  i n  1974 wa3 1.2 
mm/day f o r  October  10-19 and 2.2 mm/day f o r  t h e  pe r iod  November 
1 3 - ~ e c a m b e r  2 (ICRISAT, i973174). ~t ham been round t h a t  t anka  on 
V e r t i a o l s  i n  C e n t r a l  I n d i a  c a n  a u p p l y  t h e  amoun t  o f  w a t e r  
r e q u i r e d  f o r  s u p p l e m e n t a l  i r r i g a t i o n  of a  a o y b e a n / p i g e o n p e a  
i n t e r c r o p ,  provided t h e  ave rage  s eepage  r a t e  is  below 10 mm/day 
(Pandey ,  1986) .  
On A l f i s o l s  t h e  p o t e n t i a l  q u a n t i t i e s  o f  w a t e r  s v a i l n b l e  f o r  
t a n k  o r  g r o u n d w a t e r  s t o r a g e  a r e  r e l a t i v e l y  h i g h  b e c a u s e ,  e v e n  
w i t h  improved c ropp ing  sys t ems ,  55-702 runs  o f f  o r  p e r c o l a t e s  t o  
d e e p e r  l a y e r s  o f  t h e  s o i l  p r o f i l e ;  b o t h  can  be c a p t u r e d  f o r  
supp lemen ta l  i r r i g a t i o n  (Sachan and Smith ,  1987). However, h igh 
seepage r a t e s  can be a problem i n  some A l f i s o l s .  
S p e c t a c u l a r  b e n e f i t s  have  been r e p o r t e d  f rom s u p p l e m e n t a l  
i r r i g a t i o n  u s i n g  w a t e r  s t o r e d  by t a n k s  on A l f i s o l s  a t  ICRISAT 
C e n t e r  ( E l - S w a i f y  e t  a l . ,  1985 ;  S r i v a s t a v a  e t  e l . ,  1 9 8 5 ;  P a t h a k  
e t  a l . ,  1986 ) .  The c r o p  y i e l d  r e s p o n s e s  o b t a i n e d  i n  b o t h  r a i n y  
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and p o s t r a i n y  s e a s o n s  a r e  shown i n  Tab le  2. Higher i r r i g a t i o n -  
use e f f i c i e n c i e s  were observed f o r  a l l  crops during the  postrainy 
season 0s compared t o  t h e  rainy season. In 8 sorghum/pigeonpea 
in te rc rop ,  two 40 m m  irrigations gave an add i t iona l  gross  re tu rn  
of  2747 Rs ha" (one  US$ = Rs 14.50). The h i g h e s t  a d d i t i o n a l  
gros8 re tu rn  from supp)emental i r r i g a t i o n  was obtained by growing 
tomatoe (7870 Ra ha- ). The i r r iga t ion-use  e f f i c iency  (IUE) in 
Rs mm'rha' was 11 f o r  p e a r l  m i l l e t ,  18 f o r  sorghum, 26 f o r  
pigeonpea, .  and 93 f o r  tomatoes ,  i n d i c a t i n g  t h a t  on A l f i s o l s  
s u b s t a n t i a l  r e t u r n 8  can be o b t a i n e d  from r e l a t i v e l y  s m a l l  
q u a n t i t i e s  of  s u p p l e m e n t a l  wa te r  on r a i n y  and p o a t r a i n y  season  
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On V e r t i s o l s  where double cropping i s  p rac t i ced ,  the re  w i l l  be 
r e l a t i v e l y  l e s s  water a v a i l a b l e  f o r  tank s torage.  However, about 
50 t o  652 of  t h e  w a t e r  c o l l e c t e d  i n  t h e  t ank  cou ld  be used f o r  
i r r i g a t i o n .  The remainder  i s  u s u a l l y  l o a t  aa e V ~ p o r ~ t i 0 n  a d 
meepage. S r i v a ~ t a v a  e t  81. (1985) found i n  a  atudy conducted on 
a  V e r t i s o l  water8hed a t  ICRISAT t h a t  average  a d d i t i o n a l  grOs? 
re tu rns  due t o  supp lemen~a l  i r r i g a t i o n  were about 630 Ra,ha 
f o r  s a f f l o w e r ,  1680 Ra ha' f o r  ch ickgea ,  and 2110 Ra ha' f o r  
c h i l l i e s  ( T a b l e  3) .  The IUE was s a t i s f r o t o r y  f o r  c h i l l i e a  (26 
Rs/mm/ha) and c h i c k p e a  ( 2 1  Rs/mm/ha) ,  b u t  i t  war low f o r  
mafflower (8 Rs/mm/ha). 
A S y r t r  f o r  E f f i a l e n t  U t i l l z r t i o n  of  Water from Tank8 
Aa a  r e s u l t  of  aeepage and e v a p o r a t i o n ,  g e n e r a l l y  on ly  l i m i t e d  
i r r i g a t i o n  w a t e r  s u p p l i e s  a r e  a v a i l a b l e  from s m a l l  r e s e r v o i r s .  
Also, t h e  r a p i d l y  e s c a l a t i n g  c o s t  of energy used f o r  pumping 
water  l a  of  concern.  Fur the rmore ,  t h e  u n p r a d i c t a b i l i t y  of t h e  
timing and amount of  r a i n f a l l  maker e f f i c i e n t  use of water from 
t h e s e  t anka  d l f f i c u l t .  T h e r e f o r e ,  a  management sys tem f o r  t h e  
c o n j u n o t i v e  uae of  r a i n f a l l  and a  l i m i t e d  amount of i r r i g a t i o n  
water  CURL1 ( S t e w a r t  e t  01. 1981) was adap ted  and t e s t e d  f o r  
rainy:aeaaon aorghum on A l f i a o l r  d u r i n g  1984-86 a t  ICRISAT 
Center .  T h i s  invo lved  r a s e n t i a l l y  t h e  d i v i s i o n  of  a  60 m 
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i r r i g a b l e  f i e l d  (under a  ridge-and-furrow system) along i ts slope 
i n t o  t h r e e  20 m sec t ions .  The upper s e c t i o n  was conventional ly 
i r r i g a t e d ,  t h e  middle received t h e  t a i l - end  water from i r r i g a t i o n  
of  t h e  upper  s e c t i o n ,  and t h e  l o w e r  s e c t i o n  was managed a s  
dryland but i t  rece ived  i r r i g a t i o n  and r a i n f a l l  runoff  from the  
ups t ream s e c t i o n  a s  w e l l  a s  t h e  normal  r a i n f a l l  i n  t h e  a r e a .  
These t h r e e  s e c t i o n s  had d i f f e r e n t  p l a n t  d e n s i t i e s  and f e r t i l i z e r  
r a t e s .  The C U R L 1  management system allowed (1)  a  smal l  amount of 
w a t e r  i n  t h e  t a n k s  t o  be a p p l i e d  i n  such  a  way t h a t  ve ry  l i t t l e  
or  no water  l e f t  t h e  f i e l d ,  and ( i i )  con junc t ive  use of  r a i n f a l l  
by e l i m i n a t i n g  o r  reducing runoff  rvan when r a i n  f e l l  aoon a f t e r  
an i r r i g a t i o n .  
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T a b l e  4 p r e s e n t s  t h e  r e s u l t s  of  3  i r r i g a t i o n  r e g i m e s  on g r a i n  
y i e l d  of  2 sorghum $ u l t i v a r s  grown a t  populat ion d e n s i t i e s  of 6, 
12, and 18 plants /m w i t h  3 l e v e l s  of added f r r t i l i z e r  (55N:20P; 
120N:30P; 200N:50P kg/ha) on an A l f i a o l  i n  1984. Only 435 m m  r a i n  
f e l l  between sowing and h a r v e s t .  No r a i n  f e l l  f o r  30 days  (10 
August t o  10 Sep tember )  and s o  t h e  d r y l a n d  s e c t i o n  d i d  no t  
r e ' ce ive  any r a i n f a l l  d u r i n g  t h a t  p e r i o d .  Of t h e  255 am w a t e r  
s u p p l i e d  i n  5 i r r i g a t i o n s  t o  t h e  upper  s e c t i o n ,  167 m m  r e a c h e d  
t h e  downstream s e c t i o n s .  As expected f o r  a  season w i t h  prolonged 
midseason  d r o u g h t ,  t h i s  i r r i g a t i o n  management s y s t e m  marked ly  
inc reased  sorghum gra in  y i e l d  (Tabla 4). The g ra in  y le ld  f o r  a l l  
3 p o p u l a t i o n  d e n s i t i e s  o f  c u l t i v a r  SPH 221 f o r  two h i g h e r  
f e r t i l i z e r  l e v e l s  exceeded 4000 kg/ha i n  t h e  upper  s e c t i o n  
(ICRISAT, 1984). The c u l t i v a r  SPV 351 y ie lded  l e s s  and responded 
l e s s  t o  f e r t i l i z e r .  Response t o  f e r t i l i z e r  was l o w e r  i n  t h e  
middle s e c t i o n  of t h e  f i e l d  than  t h e  i r r i g a t e d  s e c t i o n  and t h e r e  
wan s t a t i s t i c a l l y  no s i g n i f i c a n t  d i f f e r e n c e  i n  r e s p o n a e  t o  
f e r t i l i z e r  l e v e l s  f o r  t h e  dryland s e c t i o n  (ICRISAT, 1984). 
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R e a u l t s  o f  C U R L 1  w e r e  compared w i t h  o t h e r  management s y r t e m a  
w h e r e  t h e  f i C l d  i b  e i t h e r  f u l l y  i r r i g a t e d ,  g i v e n  supplemental 
i r r i g a t i o n ,  o r  managed  a s  d r y l s n d .  They  s h o w e d  a n  i n c r e a s e  i n  
g r a i n  y i e l d  o f 6 1 5  i n  1 9 8 5  a n d  1 2 %  i n  1 9 8 6  f o r  t h e  C U R L 1  c o m p a r e d  
w i t h  t h e  d r y l s n d  management s y s t e m ,  w h e r e a s  i n c r e a r e  i n  g r a i n  
y i e l d  (compared  o n l y  i n  1986) was 4 %  f o r  a u p p l e r n a n t a l  i r r i g a t i o n  
(Sachan  and S m i t h  1987).  The wat  r  8 p  l i c a t i o n  e f f i c i e n o y  ( W A E )  
( T a b l e  S1) f o r  ,CURL1 was 9.2 kg m m - I  ha-9 i n  1986, compared t o  5.2 
k g  mm- h a -  f o r  s u p p l e m e n t a l  i r r i g a t i o n .  F o r  t h e  f u t  
i r r i g a t i o n  m a n a g e m e n t  s y s t e m ,  W A E  w a s  a r o u n d  7  kg mm-l ha 
( S a c h a n  a n d  S m i t h  1 9 8 7 ) .  C l e a r l y  t h e  m s n o g e m e n t  s y s t e m  w h e r e  
l i m i t e d  s p p l i c a t i o n  o f  i r r i g a t i o n  w a t e r  s u p p o r t s  r a i n f a l l  h a s  
a d v a n t a g e s  u n d e r  t h e  u n c e r t a i n  a n d  u n e v e n  r a i n f a l l  c o n d i t i o n s  
t h a t  p r e v a i l  i n  t h e  SAT. 
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A. 8 
LoonMio Evaluat ion of  Tank I r r i g a t i o n  Systems 
The economic eva lua t ion  of tank i r r i g a t i o n  has been c a r r i e d  out 
a t  ICRISAT, u s i n g  a  s i m u l a t i o n  model and a  s u r v e y  of 3 2 t a n k s  and 
farms from two s t a t e s  (Andhra Pradesh and Maharashtra) i n  India .  
The s imula t ion  model cons i s ted  of s e v e r a l  component modules f o r  
r a i n f a l l ,  r u n o f f ,  s o i l - w a t e r - b a l a n c e ,  y i e l d  r e s p o n s e  t o  
i r r i g a t i o n ,  and tank-water-balance. In  t h e  model, i t  was assumed 
t h a t  a  soybean-wheat double cropping sequence would be fol lowed 
every  y e a r  (Pandey,  1986).  S i m u l a t i o n s  weFe run f o r  t h r e e  
d i f f e r e n t  s e e p a g e  r a t e s  ( 0  10 and 20 m m  day- ) f o r  a  t e s t  r i t e  
on e  V e r t i s o l  i n  C e n t r a l  1 i d i a P ( k l s d h y a  P r a d e s h )  where t h e  long-  
term average annual r a i n f a l l  i s  1300 m m  (ICRISAT 1984). Resu l t s  
o b t a i n e d  from t h e  s i m u l a t i o n ,  shown i n  F i g u r e  3 a s  r e s p o n s e  
s u r f a c e s  approximated by q u a d r a t i c  polynomials ,  i n d i c a t e  t h a t  a s  
seepage r a t e  inc reases ,  opt imal  tank a i z e  i n c r e a s e s  while  op t imal  
a i z e  of t h e  command a r e a  d e c r e a s e s .  T h i s  i s  t o  be e x p e c t e d  
because  I n  i n o r e a s *  i n  c a t c h m e n t  a r e s  a n d / o r  i n o r a a a e  i n  t a n k  
a i z e  i s  r e q u i r e d  f o r  s t o r i n g  a  c e r t a i n  q u a n t i t y  of  w a t e r  a s  t h e  
seepage r a t e  inc reases .  T e  output  of t h e  s i m u l a t i o n  run a t  t h e  
seepage r a t e  of  10 m m  day'? ind ica ted  t h a t  t h e  response t o  change 
i n  t h e  command a r e a  i s  d e t e r m i n e d  by t h e  a v e r a g e  p r o d u c t i o n  of 
i r r i g a t e d  wheat. Since an inc rease  i n  command a r e a  r e s u l t s  i n  a 
r e d u c t i o n  i n  t h e  ca tchment  a r e a  and hence a  r e d u c t i o n  i n  t h e  
amount o f  r u n o f f  g e n e r a t e d ,  t h e r e  w i l l  be a  l a r g e  r e d u c t i o n  i n  
t h e  a r e a  i r r i g a t e d  i n  y e a r s  of low r a i n f a l l .  T h e r e f o r e ,  t h e  
v a r i a b i l i t y  i n  a r e a  i r r i g a t e d  e v e r y  y e a r  i s  l i k e l y  t o  i n c r e a s e  
w i t h  i n c r e a s e  i n  command a r e a .  For  t a n k  s i z e s  o f  l e s s  t h a n  200 
ha m m ,  t h e  response of economic r e t u r n s  t o  i n c r e a s i n g  tank s i z e  
was I t e e p  f o r  command a r e a s  up t o  4.5 ha (Fig. 3 ) .  Aa $he s i z e  
of  t h e  t a n k  i n c r e a s e s ,  o t h e r  f a c t o r s ' ,  such  a s  runof f .vo lume.and  
a v a i l a b i l i t y  of  i r r i g a b l e  l a n d ,  bicoma c o n s t r a i n t s  (Pandey,  
1986). 
A 6 
Assuming a  r a i n y - s e a s o n  f a l l o w  f o l l o w e d  by p o s t r a i n y - s e a s o n  
whea t  a s  t h e  b a s e l i n e  c r o p p i n g  p a t t e r n  ( u s e d  by t h e  m a j o r i t y  of 
f a r m e r s  i n  t h e  s t u d y  a r e a s ) ,  Pandey (1986) found t h a t  t a n k s  a r e  
q u i t e  a t t r a c t i v e  f o r  t h e  aoybean/w e a t  cropping p a t t e r n  even a t  
seepage r a t e s  a s  high a s  20 m m  day'q. With t h e  soybaan/pigeonpea 
i n t e r c r  p, t h e  t a n k  is  a t t r a c t i v e  a t  seepage  r a t e s  l e s s  t h a n  1 0  
m m  day". The seepage  w a t e r  would c o n t r i b u t e  t o  g roundwate r  
s u p p l i e s  but t h e  e x t e n t  of b e n e f i t s  i s  unknown. 
The d o s t - b e n e f i t  c o m p a r i s o n s  of  v a r i o u s  t y p e s  o f  seepage  
c o n t r o l s  (Pandey, 1986) ind ica ted  t h a t  a l though t h e  b e n e f i t s  from 
seepage c o n t r o l  a r e  high, c o s t  e f f e c t i v e  methods f o r  c o n t r o l l i n g  
l s e e p a g e  a r e  s e e m i n g l y  u n a v a i l a b l e .  S e e p a g e  c o n t r o l  wi3h  
c u r r e n t l y  a v a i l a b l e  e t h o d s  l i k e  sodium c a r b o n a t e  (0.4 kg/m ) 
p l u s  s t r a w  (0.2 kg/mq),  s o i l  w i t h  c e m e ~ t  ( l 0 : l )  l i n i n g  15 $m 
t h i c k  s i l t  rnd sodium carbonate (0.4 kg/n 1, or a s p h a l t  (4 l/m ) 
were found i n  t h i s  s t u d y  t o  be v i a b l e  on ly  i f  t h e  seepyge  r a t e  i n  
t h e  uncont ro l l ed  s i t u a t i o n  was g r e a t e r  than 20 m m  day' . 
From a  s u r v e y  o f  32 t a n k s  and fa rm d a t a  of two s t a t e s  (Andhra 
Pradeah and Maharashtra) in  Ind ia ,  von Oppen and Rao (1987) have 
a s s e s s e d  t h e  economic per fo rmance  of i r r i g a t i o n  t a n k s  i n  SAT 
I n d i a .  The d i s t r i c t s  s e l e c t e d  f o r  t h e  s u r v e y  i n  Andhra Pradesh  
a r e  c h a r a c t e r i z e d  by medium r a i n f a l l  (about 700-800 m m )  red s o i l s  ( A l f i s o l a )  w h i l e  most of t h e  d i s t r i c t s  (e .g. ,  Akols ,  S h o l a p u r )  
chosen  i n  b iaharash t ra  have medium t o  low r a i n f a l l  (600-700 m m )  
and deep  and medium deep b l a c k  s o i l s  ( V e r t i s o l s ) .  Rice i s  t h e  
main c r o p  c u l t i v a t e d  i n  most of t h e  i r r i g a b l e  a r e a s .  In  t h e i r  
s t u d y ,  i t  a p p e a r s  t h a t  t h e  s p a t i a l  d i s t r i b u t i o n  o f  t a n k  
i r r i g a t i o n  i s  determined p r i m a r i l y  by physical  cond i t ions ,  such 
a s  hard rock subs t ra tum,  average humidi ty,  postmonsoon r a i n f a l l ,  
t o t a l  r a i n f a l l ,  and low s o i l  moisture-holding capaci ty.  In some 
o f  t h e  d i s t r i c t s ,  r a i n f a l l  s i g n i f i c a n t l y  d e t e r m i n e s  t h e  
p e r c e n t a g e  u t i l i z a t i o n  of  t h e  command a r e a  a c t u a l l y  i r r i g a t e d .  
T h i s  s t u d y  a l s o  i n d i c a t e s  t h a t  t a n k s  g e n e r a l l y  g e n e r a t e  h i g h e r  
p r o f i t s  i n  A l f i s o l  t h a n  i n  V e r t i s o l  a r e a s .  F u r t h e r m o r e ,  l a n d  
v a l u e s  under  t a n k  i r r i g a t i o n  a r e  abou t  2.5 t o  4 t i m e s  t h o s e  of  
drylands i n  t h e  A l f i s o l  a r e a s ,  while  t h e r e  i s  not much d i f f e r e n c e  
i n  va lues  of  dryland and tank i r r i g a t e d  land i n  V t r t i s o l  a reas .  
Conclurion 
We have p resen ted  in t h i s  paper t h e  t r a d i t i o n a l  tenk i r r i g a t i o n  
system of SAT Ind ia  and a system f o r  runoff c o l l e c t i o n ,  s t o r a g e ,  
and u s e  on A l f i s o l  and V e r t i s o l  w a t e r s h e d s  a t  ICRISAT C e n t e r .  
R a r e r r c h  m t  ICRISAT haa i n d i c a t e d  t h a t  r u n o f f  c o l l e c t i o n  and 
u t i l i z a t i o n  i s  a  p r o f i t a b l e  p r o p o s i t i o n ,  p a r t i c u l a r l y  on 
A l f i s o l s .  F u r t h e r ,  c o n j u n c t i v e  u s e  of  r a i n f a l l  and l i m i t e d  
i r r i g a t i o n ,  u s i n g  w a t e r  s t o r e d  i n  t a n k s ,  has  been found t o  be a  
good management p r a c t i c e  t o  improve water-use e f f i c i e n c y  in t h e  
r e g i o n .  L a s t l y ,  t h e r e  i s  a  need t o  deve lop  c o s t - e f f i c i e n t  
aeepage c o n t r o l  techniques,  e s p e c i a l l y  f o r  a reas  and s o i l s  having 
a  modera te  t o  l a r g e  r u n o f f  p o t e n t i a l .  S i m u l a t i o n  a t u d i e s  show 
t h a t  by compar i son  w i t h  a  s t a n d a r d  sys tem u s i n g  r a i n y - s e a s o n  
fa l low fol lowed by postrainy-season wheat, tank i r r i g a t i o n  of a  
c r o p p i n g  p a t t e r n  o f  soybean and wheat  i s  w o r t h w h i l e  even a t  
seepage  r a t e r  a s  h igh  a s  20 m m  day". For  a  aoybean/pigeonpea 
i n t e r c r o p  s y s t e m ,  t a n k  i r r i g a t i o n  may n o t  be p r o f i t a b l e  a t  
reepage r a t e s  g r e a t e r  than 10 mm daym1. 95 
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